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porosityAbstract The principal aim of this work is to study the petrophysical parameters in the area under
investigation. The study is applied essentially on the Rudeis and Kareem formations in Ras Ghara
oil field, Gulf of Suez, Egypt. The study of hydrocarbon potentialities is very important to under-
stand the hydrocarbon situation in the study area by estimating the volume of shale, porosity and
the water saturation.
Petrophysical characteristics deduced from the process of well-log analysis are generally varied
vertically through litho-saturation crossplots and laterally through iso-parametric maps.
In this research, Tech-log software is used to evaluate the petrophysical characteristics of the
studied formations in the form of litho-saturation plots which are considered as an important ver-
tical representation because they are used for more accurate evaluation in the individual wells in the
comparison between different wells.
Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research Institute. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The Gulf of Suez rift basin is considered the most prolific oil
province in Egypt in spite of claiming its post maturation stage
[9]. The area of study, Ras Ghara, is located on the southern
part of the Gulf of Suez, 30 km to the south of El-Tor city.
It is represented by ten wells namely; SINAI-1, SINAI-2,
SINAI-3, SINAI-4, GM-ALEF-1, GM-DAL-1, GM-DAL-2,
GM-GEM-1, GM-HAA-1 and GM-4 scattered in the oil field
(Fig. 1). The sedimentary sequence in the studied area rangesin age from pre-carboniferous to recent. Fig. 2 shows the gen-
eralized stratigraphic section of the studied area.
Well-log analysis represents the most important stage in the
evaluation of petrophysical characteristics, which involve shale
content, total porosity, effective porosity, water and hydrocar-
bon saturations, the general purpose of well log analysis is to
convert the raw log data into estimated quantities of oil, gas
and water in the formation [4]. The litho-saturation cross plots
presented give complete vision about the lithological analysis,
porosity and the internal resolution of the available saturation
consisting of water and hydrocarbon saturation while the
lateral variation could be studied through a number of iso-
parametric maps.of Suez,
Figure 1 Location map of the study area displaying ten selected wells.
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2.1. Lateral variations of petrophysical characteristics
The lateral distribution of hydrocarbon occurrence can be
studied and explained through a number of porosity and satu-
ration gradient maps (iso-parametric maps). These maps con-
structed from petrophysical parameters complete the picture of
hydrocarbon potentialities for Rudeis and Kareem formations,
respectively.
The petrophysical parameters include; volume of shale
(Vsh), total porosity (Ut), effective porosity (Ueff), water satura-
tion (Sw) and hydrocarbon saturation (movable hydrocarbon
(Shm) and residual hydrocarbon (Shr) for Rudeis and Kareem
formations to complete the model of hydrocarbon potentiali-
ties in the study area. The study of these parameters is very
important in judging their lateral variation and the factors
controlling them, which may be structural, stratigraphic or
both [8].
2.1.1. Volume of shale determination
Shale volume (Vsh) is very important where it helps to dis-
criminate between reservoir and non-reservoir rock. Deter-
mination of reservoir potentialities in terms of
Petrophysical parameters, is based mainly on the evaluation
of shale volume [10]. The following equation is used to
determine the shale volume:Please cite this article in press as: A.A. El-Khadragy et al., Petrophysical investigati
Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2016.04.005Vsh ¼ 0:083 ½2ð3:7IGRÞ  1:0 ðYounger rocksÞ ð1Þ
where
IGR ¼ GRlog GRmin
GRmax GRmin ð2Þ
Then the different zones were classified into clean, shaly
and shale zones according to the following bases:
– if Vsh < 10%. This means clean zone,
– if Vsh from 10% to 35%. This means shaly zone, and
– if Vsh > 35%. This means shale zone.
2.1.2. Determinations of formation porosities (ø)
Porosity is the ratio of void space in a rock to the total volume
of rock, and reflects the fluid storage capacity of the reservoir.
Total porosity can be easily determined using sonic, density
and neutron logs.
2.1.3. Total porosity
2.1.3.1. Acoustic porosity method (Us). Total porosity can be
diversified according to its presence in clean or shaly zones
[11]. The determination of either of these porosities can be
explained as follows:
(i) In clean zones:
The determination of the total porosity in the shale free for-
mations depends on Wyille et al. [14] formula, as follows:ons to both Rudeis and Kareem formations, Ras Ghara oil field, Gulf of Suez,
Figure 2 Schematic stratigraphic column for Ras Ghara area.
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1
CP
ð3Þ
CP ¼ DTsh  C
100
ð4Þ
where DTlog is the reading on the sonic log in ls/ft.; DTma is the
sonic transit time of the matrix material; DTf is the sonic tran-
sit time of the fluid, it is about 185 ls/f for salt mud; CP is an
empirical correction factor; DTsh is the sonic transit time of the
shale, and C is a constant normally equal to 1.0 [2].
(ii) In shaly zones:
The sonic porosities are determined in shaly formation [7]
from the formula:
Us ¼ DTlog  DTmaDTf  DTma 
1
CP
 
 Vsh DTsh  DTmaDTf  DTma
 
ð5ÞPlease cite this article in press as: A.A. El-Khadragy et al., Petrophysical investigati
Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2016.04.0052.1.3.2. Density porosity method (UD). The density of a forma-
tion is one of the most important data in the formation
evaluation.
In clean and shaly zones, porosity derived from density log,
can be determined as follows:
(i) In clean zones:
The porosities derived from density log (UD) are calculated
[13] from the relation:
UD ¼ qma  qbqma  qf
ð6Þ
where qb is the formation bulk density; qf is the fluid density
(equals to 1.0 for fresh mud), and qma is the matrix density,
as calculated from the formula.
(ii) In shaly zones:
The following formula [7] is used for determining the total
porosity in shaly formations by using density tool:ons to both Rudeis and Kareem formations, Ras Ghara oil field, Gulf of Suez,
Table 1 Weighted average determined petrophysical properties for Rudeis formation in the studied wells.
Wells Gross thickness Vsh Phi-T Phi-E Sh Shr Shm Sw Sxo Net pay thickness
Sinai-1 72.5 39 18 8 28 9 19 72 91 16.5
Sinai-2 34 45 16 14 72 39 33 28 61 5
Sinai-3 69.5 26 5 3 1 1 0 99 99 0
Sinai-4 68.5 35 17 10 65 16 49 35 84 23
Gm-Alef1 101 43 14 7 15 6 9 85 94 0
Gm-Dal1 96 32 16 10 24 12 12 76 88 9.5
Gm-Dal2 – – – – – – – – – –
Gm-Gem1 110 19 12 19 23 11 12 77 89 9
Gm-Haa-1 129.5 37 10 3 12 4 8 88 96 5.5
Gm-4 67.5 50 19 8 14 6 8 86 94 0.5
Table 2 Weighted Average Determined Petrophysical properties for Kareem Formation in the studied wells.
Wells Gross thickness Vsh Phi-T Phi-E Sh Shr Shm SW Sxo Net pay thickness
Sinai-1 659.5 10 17 15 16 7 9 84 93 57
Sinai-2 356 12 23 22 42 19 23 58 81 135
Sinai-3 27 8 11 10 0 0 0 100 100 0
Sinai-4 401 8 17 15 32 10 22 68 90 94.5
GM-Alef1 1462.5 14 15 12 21 12 9 79 88 140
GM-Dal1 668 14 18 15 91 9 10 81 91 87.5
GM-Dal2 557.5 23 9 6 5 1 4 95 99 14
GM-Gem1 624 12 14 12 40 16 24 60 84 235
GM-Haa-1 396 20 10 6 15 4 11 85 96 37.5
GM-4 372 13 17 14 6 1 5 94 99 3
4 A.A. El-Khadragy et al.UD ¼ qma  qbqma  qf
 
 Vsh qma  qshqma  qf
 
ð7Þ
where qsh is the shale zone density.
2.1.3.3. Neutron porosity method (Un). Neutron porosity is cal-
culated based on neutron tool response in known lithology
having known porosity [12].
(i) In clean zones (for sandstone):
Neutron logs directly give the porosity values (UCNL) in the
clean zones.
(ii) In shaly zones:
In shaly zones, neutron porosity can be corrected for the
effect of the implied shales. The corrected porosity, as derived
from the neutron log, can be thus manipulated according to
Allen’s equation (1965) [1], as follows:
UNC ¼ UN log  Vsh  Ush ð8Þ
where UNC is the neutron porosity corrected for shaliness
effect; Ush is the neutron porosity of a shale zone, and UN l
is the reading of neutron porosity from the log.
For clean and shaly zones, the values of porosity obtained
from sonic, density and neutron logs are termed US, UD, and
UN, respectively.
It must be noticed that, the values of UN and UD represent
the total porosities (primary + secondary), while the values of
US represent the primary porosities, in the case of shaly and
carbonate rocks.
The total porosity (Ut) can be calculated by the calculation
of the average of density and neutron porosities as shown
below:Please cite this article in press as: A.A. El-Khadragy et al., Petrophysical investigati
Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2016.04.005Ut ¼ ðUN þ UDÞ=2 ð9Þ2.1.4. Effective porosity (Uef)
Effective porosity is an important porosity, because it indicates
the percentage of the total volume of reservoir rock that is void
space connected by flow channels. This would permit flow of
hydrocarbon fluids into the drilled wells.
The former is the general equation:
Uef1 ¼ Ut  ð1 VshÞ ð10Þ2.1.5. Determination of fluid saturation
The determination of the fluid saturation means principally the
differentiation between the various types of fluid components
(water and hydrocarbons). The hydrocarbons, in turn, need
the separation between the movable and residual types.
2.1.5.1. Water saturation determination (Sw). Water saturation
Sw is the most important petrophysical parameter used for
evaluation of a certain reservoir. Through, several years, a
large number of models relating to resistivity and fluid satura-
tions have been proposed. Many of these models determine the
water saturation in the clean formation, while the others deter-
mine the water saturation in the shaly formation [6]. Water sat-
uration is calculated using different equations of which
Archie’s [3] Indonesian is the most important.
1. Uninvaded-zone water saturation (Sw):
Archie’s formula is chosen to determine the water satura-
tion (Sw) in the clean zones and Saraband’s equation is used
for the shaly zones.ons to both Rudeis and Kareem formations, Ras Ghara oil field, Gulf of Suez,
Figure 3 Shale volume distribution map of Kareem formation. Figure 5 Effective porosity distribution map of Kareem
formation.
Figure 4 Total porosity distribution map of Kareem formation.
Figure 6 Water saturation distribution map of Kareem
formation.
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Figure 9 Total porosity distribution map of Rudeis formation.
Figure 10 Effective porosity distribution map of Rudeis
formation.
Figure 7 Hydrocarbon distribution map of Kareem formation.
Figure 8 Shale volume distribution map of Rudeis formation.
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Figure 11 Water saturation distribution map of Rudeis
formation.
Figure 12 Hydrocarbon distribution map of Rudeis formation.
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The water saturation determination from resistivity logs in
non-shaly formations with homogeneous inter-granular poros-
ity is based on Archie’s equation, (1942), as follows:
Sw ¼ aUmt
RW
Rt
 1=n
ð11Þ
where Ut is the total formation porosity; a is the tortuosity
exponent, m is the cementation factor, and n is the saturation
exponent.
(b) Shaly zones:
Water saturation is determined in the shaly zones utilizing
the Saraband’s equation, as follows:
1ﬃﬃﬃﬃﬃ
Rt
p ¼ V
ð1VshÞ
shﬃﬃﬃﬃﬃﬃﬃ
Rsh
p þ Ut
m=2ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
aRw
p
" #
 Sm=2w ð12Þ
where Rsh is the resistivity of a thick shale unit.
2.1.5.2. Hydrocarbon saturation determination. Since water sat-
uration is the natural result of the previous calculations, it is
often reported by the log analyst as one of ‘‘the answers” [5].
However, the amount of oil or gas, not water, is wanted.
The total hydrocarbon saturations were determined as
follows:
Sh ¼ 1 Sw ð13Þ
These hydrocarbons are normally discriminated into mov-
able and residual oils. The determination of Sxo leads to the
definition of the residual hydrocarbons (Shr) as follows:
Shr ¼ 1 Sxo ð14ÞPlease cite this article in press as: A.A. El-Khadragy et al., Petrophysical investigati
Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2016.04.005and the movable oil (Shm) is also calculated from the follow-
ing relation:
Shm ¼ Sh Sshr ð15Þ
The weighted average determined petrophysical properties
for Rudeis and Kareem formations in the studied wells have
been calculated and tabulated in Tables 1 and 2.
2.2. Vertical variations of petrophysical characteristics
The vertical distribution of hydrocarbon occurrence can be
explained and presented through the construction of the
litho-saturation cross-plots (CPI).
It is a representation of the contents of fluids including
water and hydrocarbon saturation. The vertical distribution
of petrophysical characteristics is done by using the computer
software (Techlog 2011.1.0) as shown in Fig. 13.
2.3. Results and discussion
Study of petrophysical characteristics have been carried out
through two main stages. The first stage is the lateral variation
presentation, while the second stage is the vertical variation
presentation.
Figs. 3–12 show the iso-parametric maps for Rudeis and
Kareem formations. For Rudeis Formation, the value of the
volume of shale lies between 8% and 23% where it decreases
around SINAI-4 and SINAI-3 wells. The value of total poros-
ity increases in the north direction around SINAI-2 and GM-
DAL-2 wells to obtain values that reached 23% and 18%
respectively. Around the same wells, the value of effective
porosity increases, while the water saturation decreases.ons to both Rudeis and Kareem formations, Ras Ghara oil field, Gulf of Suez,
Figure 13 Litho-saturation cross-plot of GM-Alef-1 well in the study area.
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around SINAI-1, SINAI-2 and SINAI-4 and in the south west-
ern direction around GM-GEM-1 well to obtain values reach-
ing 42%. So this formation is considered as a good reservoir in
the upper part (2113–2950 m) and considered as a source rock
from the intervals of 2950–3570 m.
For the Kareem Formation, the value of the volume of
shale increases toward the northern and central directions
obtaining values reaching 50% around the GM-4 well. In the
same direction, the value of total porosity increases to reach
19%, while the effective porosity decreases to reach 14%
around the same well. The value of water saturation increases
in the southern direction while the value of hydrocarbon satu-
ration decreases in the same direction. From these results, we
find that this formation reflects poor to good reservoir from
intervals (2014–2063 m) and is estabilished as source rock in
the intervals of 2063–2113 m.
Fig. 13 shows the lithology of Rudeis and Kareem forma-
tions respectively in GM-ALEF-1 well for example. They are
composed of sandstone and shale with respect to little lime-
stone. The shale content is very low in Rudeis Formation, it
reached 8%, while this formation recorded 12% and 54% for
effective porosity and hydrocarbon saturations, respectively.
The shale volume records an average value about 22% in
the Kareem Formation. The effective porosity reaches 10%
while it recorded about 72% for hydrocarbon saturation.
3. Summary and conclusions
Petrophysical characteristics deduced from the process of well-
log analysis by using Tech log software are generally varied
vertically in the form of a litho-saturation cross plot and later-
ally in the form of iso-parametric maps.
The effective porosity, hydrocarbon and movable hydro-
carbon for Rudeis and Kareem formations show nearly the
same trend of variation, while the maps of shale volume and
water saturation show a reversed trend. This may reflect the
relation between these parameters and the potentiality of
hydrocarbons. Therefore, the most favorable locations for
hydrocarbon production at SINAI-2 well for the Kareem For-
mation and SINAI-1, SINAI-2, SINAI-4 and GM-4 wells for
the Rudeis Formation of the area of petrophysical analysis.Please cite this article in press as: A.A. El-Khadragy et al., Petrophysical investigati
Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2016.04.005The lithology of Rudeis and Kareem formations are com-
posed of sandstone and shale with respect to little limestone.
The shale volume records an average about 22% in Kareem
Formation. The effective porosity reached to 10% while it
recorded a value 72% for hydrocarbon saturation.
The shale content is very low in Rudeis Formation, reached
to about 8%, while this formation recorded 12% and 54% for
effective porosity and hydrocarbon saturations, respectively.
The lower part of Rudeis Formation is considered as the best
place for accumulation of oil.
From these studies, we can consider that the northern and
the western southern directions are the best oil bearing zones.
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